Retirement is a major life-cycle shock. China offers an interesting environment to study ageing issues, but studies on retirement effects among China's aging population are almost absent in the literature. Using CHARLS 2011 and 2013 wave data, this study adopts afuzzy regression continuity (RD) design and "eligible for mandatory retirement age" as an instrumental variable (IV) to establish causal effects of retirement on multiple mental health outcomes, including cognitive functioning, life satisfaction and depression, among Chinese wage-earning urban individuals. Results indicate that retirement has significant negative effects on life satisfaction among men, predominantly those with low SES. Retirement is not found to have an immediate effect on cognitive abilities. However, lagged retirement status has significant negative effects on episodic memory for women, suggesting that retirement may have gradual effects on cognitive abilities. The magnitudes of the coefficients for actual working status are larger than those for formal retirement status, indicating that the actual labor supply decision matters more for mental health than administrative retirement.
Introduction
Over the past century, ageing has become one of the most significant social and economic issues in both developed and developing countries. With growing populations and rising dependency ratios, ensuring thesocial well-being and health of the elderly is a pressing concern for governments and families. China offers an interesting environment to study ageing issues since it has the world's largest elderlypopulation. At the end of 2012, China'selderly population (individuals aged 60 or older) reached 0.19 billion, comprising approximately 14.3% of the country's total population. It is projected that elderly people will account for one third of the Chinese population by 2050, exceeding the total number of elderly people inall developed countries today.
Retirement is a major life-cycle shock. It has also become a pressing social concern in China, with ongoing and heated debate among governmentand experts on whether to extend China's retirement age. The Chinese government sets the mandatory retirement age at 50 for most women and 60 for men, which in both cases is much lower than the mandatory retirement age of 65 in most Western developed countries. However, studies on the effects of retirement among China's aging populationare almost absent in the literature.
Meanwhile, systematic studies of mental health on Chinese elderly from the perspective of health economics are very limited. Some western studies by economists suggest that retirement has a negative shock on cognitive functioning (Adam et al., 2007; Bonsang et al.,2012; Rohwedder and Wills, 2010) . It would be quite interesting to explore the impact of labor supply decisions on mental health in China. In the meantime, studying whether retirement would accelerate the decline of one's mental health and cognition could provide better understanding of labor market supply and productivity, and so can help inform policy choices made by the Chinese government.
The aim of this paper is to examine the effects of retirement on multiple mental health outcomes, including both cognitive functioning and subjective outcomes (life satisfaction and depression). Using CHARLS national 2011 and 2013 wave data, this study plans to establish causal effects through fuzzy RD (regression discontinuity) design. In China, actual retirement ages do not exactly match the mandatory retirement age (age50 and age60 for women and men). Some retire early and some retire late. Nonetheless there are clear jumps in retirement at the mandatory retirement ages (Figure1 and Figure2) . For this reason, this study adopts an institutional exogenous indicator "eligible for mandatory retirement age" as an instrumental variable (IV) for estimation using a fuzzy RD design to deal with potential endogeneity of the treatment variable (formalretirement status).
Results indicate that retirement has significant negative effects on life satisfaction among men, predominantly those with low SES. Retirement is not found to have an immediate effect on cognitive abilities. However, lagged retirement status has significant negative effects on episodic memory for women, suggesting that retirement may have gradual effects on cognitive abilities. The magnitudes of the coefficients for actual working status are larger than those for formal retirement status, indicating that the actual labor supply decision matters more for mental health than administrative retirement.
Statement of Significance
First, this study adopts multiple measurements and compares the effects on cognitive and subjective outcomes, which is not found in previous studies. Second, most previous studies only use IV design. This study adopts multiple statistical methods (IV design, local linear RD design, dynamic model) to establish and verify the causal relationships. Third, this study tries to offer results from a developing county whereas most of the previous literature examines the situation in advanced Western countries (Adam et al., 2007; Bonsang et al.,2012; Rohwedder and Wills, 2010) . Fourth, this study can help inform assessment of the benefits and costs of extending mandatory retirement age in China. It also provides evidence of subgroup differences to help the government design subgroup-specific policies. Finally, understanding the retirement effects on individuals' mental health provides more information for household members to make labor supply decisions.
Socioemotional Selectivity Theory: Positive effects
Aging is associated with increasing motivation to derive meaning from life (Carstensen et al, 2003) . Retirement actually offers an opportunity to spend more time on other important life events in a way that individuals could never have done when they are working (eg. leisure activities, develop hobbies and socially meaningful events). Gorry et al.(2014) reports that retirement improves health and life satisfaction using HRS data for the US. They are the first study to discover positive effects of retirement.
Continuity Theory: No effects of retirement
Individuals occupy multiple roles. A person's main role can change in different periods of life. Role transition helps individuals avoid identity crises (Atchley, 1971 (Atchley, , 1982 . Ehsan (2011) finds supporting evidence for continuity theory among Canadian men.At the same time, the life cycle model (Shea, 1995) suggests that individuals have perfect foresight regarding life time shocks that will definitely happen (eg. retirement) so that they can fully prepared themselves financially and psychologically to smooth their lifetime utility. However, the empirical literature seldom findsperfect smoothing of consumption, suggesting that individuals might not be that far-sighted and rational about retirement shocks.
Hypotheses
According to Health Capital Theory, the main hypothesis regarding cognitive functioning would be that Chinese ageing cohorts follow the predictions of the theory, namely that retirement has a significant negative impact on individuals' cognitive functioning.
After reviewing three competing theories on subjective outcomes, this paper predicts that Role Theory is more applicable in China. First, employment status has a profound impact in China (Li, 2014) . Benefits and socioeconomic status are adhered to individuals' work unit and positions, and not necessary to an individual's abilities and virtue. There is an old Chinese saying that when someone retires from his/her position, he/she immediately loses power to influence others and make a difference. Second, China has witnessed rapideconomic development, and social values have shifted from family, community and collectivism to individualism and materialism. Society appreciates individuals with great economic achievement, higher socioeconomic status and power.
Also, it is expected that there may be gender differences in the impacts of retirement.
Role theory might suggest more significant negative impacts on men than women. Gender segregation still exists in terms of work and family in China. Employment status and socioeconomic status are much more important tomen than to women. Also, men and women may react very differently psychologically.
Empirical Strategy

Measurement
This paper focuses on employed individuals who are age 45 or above, have complete information oncognitive testquestions (Table1), depression questions (Table2), life satisfaction, retirement, household expenditure, education, gender, healthand other related questions. The feature "employed" refers to those whose current main job or last main job arewage-earning jobs. And the sample is further restricted to urban Hukou employed individuals since there is no formal retirement for rural and self-employed individuals under China's current retirement policy. Cattell (1971) and Horn (1982) classify cognitive functioning into fluid intelligence and crystallized intelligence. Fluid intelligence is mainly genetic abilities to perform logical thinking, learn new materials, and tackle problems in novel situations without acquired knowledge. Crystallized intelligence is knowledge and skills accumulated from education, life experiences and sophistication, which relies on information from long-term memory.
Cognitive functioning measurements
Unlike fluid intelligencewhich declines fast at older ages, crystallized intelligence is less likely to decline at older ages. In fact, the types of intelligencegenerally interact with each other. Observable dimensions of cognitive functioning such as orientation, memory and numeracy are all combinations of fluid and crystallized intelligence (Salthouse, 2000) .
Empirically, McArdle et al.(2011) and Hu et al.(2012) classify measurable cognition into two types, namely "mental intactness" (MI) and "episodic memory" (EM). As shown inTable1, mental intactness consists of individual's numerical abilities, perceptions of time orientation, and picture drawing, and episodic memory is measured byaverage value of immediate and delayed word recall scores (McArdle et al., 2011; Hu et al., 2012) . Both MI and EM have combined features of fluid and crystallized intelligence, with EM mainly capturing fluid intelligence and metal intactness mainly reflecting crystallized intelligence.
>> Table 1 <<
Subjective mental health measurements
Life satisfaction is measured by the question "How satisfied are you with your life as a whole?" It is a 1-5 scale with 5 being"completely satisfied"and 1 being"not at all satisfied".
It is a general and retrospect question. Even though psychologists have developed more sophisticate scales to measure life satisfaction, this question is still is the most widely used in many social surveys.
Another subjective measurement, depression, is calculated from a ten-question version of Center for Epidemiological Studies Depression scale (CES-D, Table2). CES-D is a well-established international standard self-reported scale for measuring depressive symptoms (Radloff, 1977) . Its validity among Chinese elderly is provided by Boey (1999) .
The indicator for elevated depressivesymptoms (0-1) is calculated as 1 if the CES-D average score range from 0-3 is larger than 1.
>> Table 2<< OLS Estimation Model
Model (1) is borrowed from Bonsang et al. (2012) and Rohwedder and Willis (2010 dummies. Previous studies demonstrate that mental health is highly correlated with age, education, and health in various contexts (HÄNNINEN et al., 1996; Lei et al., 2011) . ADL and iADL scores are included to control for potential health shocks. And province dummies captures regional differences.
Identification Strategy
In model (1) (Bonsang, 2012; Coe, 2012; Mazzonna, 2012) . In this study, the IV is based on age, so an RD design could be adopted to generate more robust results.
First stage equation
In model (2), the dependent variable is R i (formal retirement indicator), the endogenous and key variable in equation (1). The key independent variable is the IVs (Age50 for women and Age60 for men,0-1 indicator). They are constructed as 1 if individuals have reached the age of mandatory retirement. Other controls are the same as in equation (1). In addition, to further rule out the reverse causality problem, this paper excludes respondents with interrupted working experiences due to health.
Alternative retirement variable
The formal retirementstatusvariable R i captures whether individuals have processed formal retirement procedure from their main jobs, and are eligible for pensions. After formal retirement, individuals can still do other jobs or engage in part-time work. Therefore, formal retirement status does not necessary reflect one's labor supply decision. In this case, this paper adopts another measurement non-working status to capture the labor supply decision.
Non-working status directly reflects one's current labor supply status.
Even though non-working statusis a better indicator for labor supply, formal retirement status, directly affected by retirement policy, may better capture a person's change in role and is a more suitable variable for the IV design used in this study. Nonetheless, we can examine both outcomes. Estimations of both variables can be compared to examinewhich kind of status is more important for mental health.
Local Linear RD Model
To implement the RD estimation, it is necessary to choose the bandwidth around the cut-off age to determine the sample to be used in the estimation. Therefore, results with alternative bandwidth will be provided (4, 8, 10 years below and above the mandatory retirement ages). This paper further adopts a robust Fuzzy Regression Discontinuity(RD) methodology which provides robust confidence intervalestimators for local linear average treatment effects . It provides a bias-corrected RD estimator, and allows the effect of ageto be different on the two sides of the cut-off point. Also, robust Fuzzy RD model selects the best estimation bandwidth automatically, which is more accurate than changing the bandwidth manually.
Dynamic Model
The RD model reflects the immediate effects of retirement. However, some effects of retirement may be gradual. Unlike subjective mental-health states, whichmay be affected immediately by retirement, changes in cognitive functioning usually take time to appear. The following dynamic model, based on panel data, is estimated to detect the delayed effects of retirement:
In Equation (3),PR t− indicates percentage of time inretirement during the last 2 years, which is between 0 and 1. PR t− =1 if R t = R t− = ; PR t− =(0,1) if R t = and R t− = ; andPR t− =0 if R t = R t− = . Under this setting, the IVs for PR t− areP t− P t− , the percentage of time spent over the age of 50(60) between the 2011 and 2013 surveys.
Therefore, P t− P t− =1 if age>50(60) in t and t-1; P t− P t− =(0,1) if age>50(60) in t and age<50(60) in t-1; and P t− P t− =0 if age<50 (60) The dynamic model is very different from RD model. RD model in Equation (1) is aimed to estimate the immediate change (or jump) in the outcome variable at the time of retirement, controlling for changes with age before and after retirement. The local linear estimator allows the effect of age to be different before and after retirement but treats these as controls to isolate the immediate effect of retirement on outcomes. In contrast, the purpose of the dynamic model is to quantify the change in the slope of the age variable after retirement. In the dynamic model, the effects of retirement are assumed to be gradual (proportional to time in retirement) with no immediate or sudden shock. By including the lagged mental health variable, the coefficients on other variables should be interpreted as capturing the impact on changes in mental health. Inclusion of initial age in the regression controls for the fact that the decline in mental health may be faster or slower at different ages.
Data
Data for this study comes from the China Health and Retirement Longitudinal Study 
>>Figure3-10<<
Validity checks for RD
A crucial rule for RD to work is that there is not discontinuity around the cut-off point on other variables (Angrist and Pischke, 2008, Lee and Lemieux, 2010) . The only discontinuity should be for the mental health outcome variables. Table4 presents the balance table for control variables 2 years below and above the cut-off age. Most variables are not significantly different from each other, except for the high education level variable for men. Later analysis will further perform education subgroup analysis to see whether education affects the estimation results.
>>Table4<<
In the meantime, the bandwidth used for the main specification is 6 years below and above the mandatory retirement ages. The decision on bandwidth reflects considerations of sample size and validity. Results with alternative bandwidth also will be provided (4, 8, 10 years below and above the mandatory retirement ages) as robustness checks.
In addition, the F-statistics for the first stage are reported to test the power of the IV (Stock and Yogo, 2005) . F-tests should be higher than 10 in order to avoid the weak IV issue. And Hausman tests will also be performed to examine whether IV estimates are significantly different from OLS estimates.
Estimation Results
Results of the Pooled Model
First stage estimationsusing the 2011 and 2013 pooled sample are presented in Table5 for men and women separately. The estimation sample is further restricted to those whose age is within6 years (below or above) f the cut-off age (50 for female and 60 for male). Coefficients for both IVs (age50 and age60) are positive and statistically significant at the 0.001 level.After controlling for other variables, being age 50 or 60 years old increases the probability of formal retirement by around 30 percent for both men and women. F-statistics are 48.42and 47.45 respectively, which are large enough to rule out the possibility of weak instruments.
>>Table5<<
Table6 presents first stage estimates with varying sample ranges. It is clear that the power of first stage reduces when the sample is narrowed. In columns (1) and (2), being 50 (60) years old or above increases the probably of retirement by 32% to 37.4% (30.2% to 34.3%).
Using the sample within 4 years of mandatory retirement age still has some power (F-stats are 30.36and 28.70 for women and men). But the power is basically lost for ranges of 3 years or less. Therefore, further analyses with ranges of 10, 8, 6, and 4 years are presented. For columns (3) and (4), the dependent variable changes from retired (formal retirement status) to nowork (non-working status). The magnitude of the coefficients and F-statsin columns (3) and (4) are smaller than in columns (1) and (2). Thus, the IV works better for the formal retirement status variable as expected. But the first stage still has power for non-working status (4 years range for men and 8 years for women), indicating that non-working status can be used for robustness checks and further comparisons with the formal retirement status variable.
>>Table6<<
Table7 shows the same first stage estimations for therural sample and self-employed individuals. The aim is to check whether the IV "eligible for mandatory retirement age" only works on the target sample. Estimates of Table7 indicates that mandatory retirement does not affect self-employed individuals at all. As for the rural samples, reaching mandatory retirement agehassignificant effects on men, but the magnitudes of coefficients are rather small (0.037 to 0.050) comparing to Table6 (0.30 to 0.34).
>>Table7<<
Table8 reports the results for Life Satisfaction (LS) using a bandwidth of 6 years. The first two columns are OLS estimates, and columns (3) and (4) report reduced forms by including the IVs directly (age50 or age60). The last two columns present 2SLS estimates.
Results show that the coefficients of the 2SLS estimates are negative and significant for men, and the magnitude of the coefficients are similar with or without controls(-0.678 and -0.774).
The same pattern can be found in the reduced form estimations. 
Testing Channel
RD design only tells us whether there are retirement effects and how large they are.
Previous subgroup analysissuggest that retirement could have heterogeneous effects. Table16
and Table17 indicate that Socio-economic Status (SES) might be the key channel for retirement to have effects on life satisfaction.
Table18 presents 2SLS estimates using life satisfaction as the dependent variable.
Columns (1) and (3) are the same as columns (3) and (4) Table19 reports 2SLS estimates for expenditure as the outcome variable in order to check whether retirement has impacts on expenditure. Columns (1) and (4) indicate that there is no significant changes in expenditure before and after retirement. And columns (5) and (6) show that the expenditure variable does not have the same pattern as in columns (3) and (4) >>Tables 20-22<<
Conclusion
The following conclusions can be drawn from the results of the estimations presented above. First, retirement has a significant negative effect on life satisfaction among men. This finding is quite robust to differences in year range and local linear RD estimates. Role theory might explain the differences of life satisfaction between men and women, because work status and role are more significant to Chinese men than to Chinese women. Although more and more Chinese women are entering the labor force, men in China are still career-focused, and retain the role of income providers for their families. Thus, men are more likely to be disappointed when they retire from their main jobs (their central roles), while women are more likely to expand their other roles to compensate for the loss of employment. Therefore, employment status has a profound impact on psychological well-being of China's elderly population.
Second, the negative effects of retirement on LS are mainly observed among men with low SES, defined in this study as low levels of education and household per capita expenditure. One possible explanation could be that work is the most important component of the lives of low-SES men, despite providing only a small income. When such men cease to work, they lose both their main source of identity and the only way to support their families.
Men with high SES are more likely to view retirement as an opportunity to enjoy the fruits of their long-term success in financially secure households. In addition, high-SES men generally retain some of their former status by maintaining important connections or transferring their power to the next generation. Another possible explanation is that low SES cannot find other jobs and income sources after retirement, but high SES can obtain additional jobs and income after retirement.
Third, retirement is found to have no immediate effect on cognitive functioning. However, lagged retirement status has a significant negative effect on women's EM. This suggests that retirement has a gradual effect on cognitive abilities. There are two possible reasons for this finding. First,women in China have a much lower level of cognitive functioning than men.
Second, most women retire 10 years earlier than men, thus they have fewer years in which to exercise their cognitive abilities.
Fourth, the differences in the effects of retirement on EM and MI are due to an important distinction between the two variables. As discussed in a previous section, EM captures mainly fluid intelligence while MI reflects mainly crystallized intelligence, and fluid intelligence is more likely to decline with age.
Finally, the influence of changes in actual employment status is greater than that of formal retirement, indicating that mental health is more powerfully influenced by actual labor supply decisions than by administrative retirement.
Generally, retirement has some negative effects on mental health for Chinese elderly.
Effects are heterogeneous to subgroups. Findings might provide some useful insights for policy makers considering reform of China's mandatory retirement age policy.
Discussion
First, the sample size may limit the statistical power of the study. After restricting the sample, only about 1,000 observations for each gender are analyzed, which may be less ideal for RD estimation.
Second, RD design only tells us whether there are retirement effects and how large they are. Explanation of the mechanisms causing the outcomes are possible only with further tests.
In the Subgroup Analysis and Testing Channel part, the aim is to test whether SES group differences and changes in expenditure are one channel for retirement effects. Results suggest that retirement does not change expenditure, and controlling for expenditure does not reduce the negative effect of retirement on life satisfaction of men. One direction for future research would be to focus on testing different channels such as income, wealth, time allocation, social activity status, etc., and link the empirical results more closely to theoretical frameworks.
It would be interested to further examine subgroups differences and figure out underlying mechanisms, including occupation, work unit ownership, voluntary and involuntary retirement, and establish a structural life cycle model to figure out key underlying mechanisms.
Third, cross-sectional analysis cannot be used to control for unobservable individual characteristics, which may bias the results, especially the subjective measurements. Although 2 waves of panel data are used, relatively few individuals experienced a change in retirement status between the two waves. However, as CHARLS is a longitudinal study, this will not be aproblem in the future.
Finally, as the research method is non-experimental, the validity of the IV cannot be fully tested and confirmed. So one should be cautious when interpreting the results as capturing causal effects.
Figure1.Probability of formal retirement by age (female)
Figure2. Probability of formal retirement by age (male) 
